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BY ThomEIs G. Piercy  and Ha;rry W. Johnson 

An eqperimental  investigation was performed at B c h  nukere of 

2 1.88, 3.16, and 3.83' to"&t&ne the  pressure drag of various wedge 
diverter  configurations applicable to boundary-layer remval shead of 
side inlets. A turbulent  boundary  layer w a s  generated on a flat pate, 
and several wedges  were -sed in the boundary layer  beneath  splitter 
plates  sfmulating  typical  side  inlet  installations. 

V 

Parameters  investigated  included  sweep of the  splitter  plate, wedge 
w included angle, wedge  thickness in relation to bomdary-leyer thickness, 

and wedge  location  relative  to  the  leading  edge of the  splitter  plate. 

r. Curves are presented from wkich may be obtained  the  greesure drag 
coefficients of most  wedge  diverter-type  boundary-layer-removal systems. 
These  values  are  applicable to supercritical Inlet  operation. 

The friction drag coefflcients of several wedge diverter-type 
boundary-layer-re*al eystema were  determined at Bdeich nmiber 3.16. It 
wa8 observed  that  the  friction drag of those  configurations may con- 
stitute a major portion of the total drag of the remmal system. 

Various  means for improving  the  performance of side  inlets by 
eliminating  the influx of body surface boundary leyer include  different 
types of boundary-layer  scoop  and  wedge  diverter  Bystems  placed  beneath 
the inlet. Among the requirements fqr an effective  boundary-layer- 

c remmal system .are  that  it  prevent the boundary layer from entering  the 
inlet,  that  it  not  generate  undesirable  disturbances  ahead of the  inlet, 
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boundary-Uyer removal tends to  offset  the  gains in thrust produced by 
Improved inlet perf.cgvce, any rea.llstic evaluation 6f side in le t  per- 
formance with boundary-layer r-al U t .  z)c.c.mt for the  ,remnral drag 
in determtning the net thrust. . . - 

.. . - . . .C. .- . , , . _  . 
_ 

. .  . .  . . .  

The majority of published  reseazch on botm&wy-layer 'coutrol  for 
side Inlets  coasidere scoop systems whlch duct the  boudaqy-layer air 
aboard the aircraft .  ' In ~~~"s-ituations;'howevejr, it mag be  desired 
merely to  deflect  the boundary 'layer mawid.' the "Inlet bJf lpleans of ~t 
wedge diverter-tgpe system. Although Uttle-dat-a on the effectiveneee 
of wedge diverter ayst'& have been published  (see refs; 1 and 2), 
existing  -informtion  (largely unpublished) indicates tbat care muet be 
exercised in  selecting a particular'conibinstion of'wedge angle and 
position under the Inlet to prevent the f65at iou 'bf  a detached. shock' 
wave which deflects  excessive boundarg-lay%f''fldw' into the inlet .  

. .. .. - . __  . - _ .  

The drags sssociated wit4 a boundary-layer-dlverter system include 
the  pressure drag on the weage f'aces'and 6h&'fr€ction drag on all sur- 
faces ~ w o l v e d  i n  deflecting the 'tjourikry-~~F~~ow. ~ h t l e  it i s  . 
also possible that additional  pressure a d  f'rictilou drags due to   the 
dlverted flow aroung. the"3nlet lllay exist &'&Wfabes downstream of the 
inlet, these forces evidently &pen& yjon-filie-inl6t and body configu- 
ration and are  not .%maable t o  generelisaElon. .'Furthermrrre, even the 
pressure and friction,drags  associated with $he averter   eyetemitaelf  
cannot be predicted  analytlcaily because of tbe' nonunifsrmity of the 
diverted Plow. . - - . .  . ._  . .  . .- ." "_. . .A _ _  ~ , .. .. . 

The purpose of t h l 4  exper-ntal.fnvestigation was t o  deterndne 
the  pressure drag coefficients of 8-number o f '  boundary-,layer wedge 
diverter systems far 8 simlated a ide  triGt Operating .supercriticaUy. 
It was found in reference 1.that the wedge diverter  pressure drag 
coefficient variedwith Inlet  Imss-f low r a t i o  Gecauee the diverted flow 
was influenced by the  externd shock structure and the resultant  inlet  
flow spillage; however, it waa not -d' feasible in l%ie investigation 
t o  s l~~ula te  condit$ons  peculFar to   Inlet  operation a t  reduced m a s  
flow, since  those  conditions q e  eytdeptly functions of specific  inlet  
geometry. 

.?.- . . . .. . .. .. . .i. 
I .i 

Tests were conducted at Mach  nunibera  of 1.88 and 3.16 in the 18- 
by L8-inch tunnel8 .and at Mach  nuDiber 3.83 in 'the 24- by 24-inch tunnel 
at the mACA Lewls laboratory. The simulated diverter s y s t e m  were . 

mounted In  the  turbulent boundary mer of a flat plate. - .  

In  addition t o  the pressure drag coef'ficients  obtained, an atteqpt 
was =de t o  deterndne the to ta l  drag and friction drag coefficients f o r  
certain conf'igur~tions .at Mach  number 3.16. 
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- Where possible, the  wedge  diverter-system drags determined in these 
tests  aze  compared  with  scoop remval-system drags obtained in other 
investigations. 
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static-pressure  coefficient, 

friction drag coefficFent 
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pressure drag coefficient, 1 c,a(x/., 
total drag coefficlent, %'% 
wedge length, in. 

width of wedge base, 3.92 in. 

wedge height,  in. 

dinsensionlese wedge  height peramter 

ate 1 ax ia l  distance measured from splitter pl 
wedge apexj in. 

-mionless  wedge axial position parameter 

Mach umber 

static  pressure 

aynandc  pressure, 

edge  to 

ratio of velocity in b0mdaz-y layer  to  free-stream  velocity 

axial distance l~easured from wedge tip,  in. 

distance  above  surface of flat plate, in. 

lateral  distance from model center line, in. 



Y ra t io  of specific  haate, 1.40 

6 boundary-layer thickness,  in. 
. _. 

- 

@ spl i t ter   p la te  sweep angle, &g 

Subscripts : . .  

W wedge 

0 free-stream conut ioqs  1/2 in .  upstream of s p l i t t e r   p h t e  
. . ._ .. . 

" . 

. .  

. .  . 

shown schematically In f igure. l .  These parameters include (1) wedge 
angle, (2) ra t io  of wedge thickness  to boundary-layer thickness (3) 
wedge axial  position with respect  to  the l&ng edge of the spl i t te r  
plate,  and (4) sweep of the  splittee  plate  leading edge. Four of the 
five  different  wedgq%,taes emplbyed- had straight sides with included 
apex anglee o f l 6 O ,  .28O, -6>O, 'and la0'. ' ' !I!&''fifth wedge tgpe had an 
included apex angle of 26.4O, but i ts  sidrra.&re concavely Contoured In 
the f o r m  of e l l i p t i ca l   mc  segments. , w  

. .. 

-_ 
rn 

.-.. .. . 
A spl i t ter   p la te  was mounted on top of each wedge configuration t o  

simulate  the  flam-.gf a. ~ i b , ~ ~ e t , ,  _ ,  &lit ter   p la tes  having both ull- 
swept end swept . l e a d i n g  edges *re empioa'%€7&Eh nuinbere 1.88 and 3.83, 
while a t  W h  3 .l6 .conf~&ratiops''hi&v€ti&" a"m-t  spl i t ter   p la te  and no " - 
spl i t ter   p la te  w e r e  inveetigated. me ' i i i ? e % q  .€if@.& colresponded t o  the 
conical shock. anglee for,-22 146; 29 .Zcs,- a-d' 8P"half -Bale cones at Mach 
nuuibers 1.88, 3.16, , and' .3..83 &a, weFe 'a~Yo-ChGitely 47 .p 51° and 53O, 
respectively. me top' surface ..of every -splitter  plate  leading edge was 
beveled 11.3O i n  the stream direction to provide )ti Bhafp edge. l?hls 
angle ~ 1 3 0  small, .-QU$~ t o  prevent' shock  ,.&t+chment k t  these  free-stream 
Mach  nunibera except"f& the k-%pt, cohfiprations at Mach 1.88. I n  ' 

practice, any bevel employed to  thicken  the &litter p l a t e   f o r   s t r u c h a l  
purposes might actually be on the underside of the plate. . 

. -. . 
" 

."  

. .... . 
.. . 
- _I. 

. .  
.. . . :- - 

Provision was =de f o r  installing, e,ach.wedge_type in one or more .I 

rearward positions with respect t o  the splitter  plate  leading edge. 
The position of the. s p l i t t e r  gla.te..iea&Ln& edge m s  always nnsintained 
14.5 inches (3.70 s'plitter  plate  xidths) dawnetream of the boundary- 
layer  plate leadAng edge. 

.. . 
. .  

.-- 
k 

.. . . . . . . , . . - _ .  . .. . _ .  . .- .. - 
. , .  . . .  .. . 

. .  . .. 
.. . - .. ._ _. 
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Instrumentation. - Wedges  were instrumnted wfth static-pressure 
orifices  at  regular  intervals along one  wedge face. Pressures at these 
stations  were  indicated on vacuum  reference lrmltimanameter boards uaing 
tetrabromethaiie-at Mach ,nu&er 1.88 and butyl p h t m t e  at Mach nmibers 
3.16 and 3.83. 

In the  investigation at Mach n&er 3.16 a r m  of static-pressure 
orifices w a ~  installed in the  boundary-layer  plate  beneath  the  sxept 
splitter  plate leading edge  and side to  assist  in the determination of 
local momentim"profges from tom-pressure and flov-angularity sur~ey~. 
Two morreble total-pressure  probes  were  employed in these surveys. 

. .  . 

Boundary-layer- ad free-stream flow characteristics. - Test-section 
total  pressure in each  tunnel was eesentially  atmospheric,  while  test- 
section  total  temperature ws8 E O o  F at  Mach nuuibers 1.88 and 3.16 and 
200° F at Mach nuiber 3.83. 

A strip  of  caxborundum  grit 1 inch In wldth  extendfng  across  the 
boundary-layer  plate l/2-inch from the  leading &e cawed turbulent 
transition ahead of the  diverter  system. A total-pressure survey of 
each  boundary layer in a vertical  plane  through  the  plate longitudinal 
center  =ne -8 made 1/2-inch upstream  of  the  diverter  system leading 
edge  station  with  the  diverter  system remved. The measured boundary- 
layer-velocity  profiles are presented in figure 2; boundary-leyer 
characteristics of intereet as well as  the  test-section  free-stream 
Reynolds nmibers are presented in the f ollouing table: 

.. 

Free-stream 

1.06 8.26 187 3.83 

3. 24r<106 2.83 0.225 1.88 ' 

per  foot form factor, thickness, Mach nmiber, 
Reynolds nuniber Boundary-layer Boundary-Layer 

. 8 ,  in. 8*/9 

3.16 1.71  5.98 255 

Test  rocedure. - At each  teat Mach nuniber the wedge thickness 
ratio- wedge axial -position  parameter l/d w e r e  varied 
systematically  for  each  wedge - splltter  plate  configuration  investi- 
gated. The static-pressure  coefficient  at  each  orifice  station on a 

wedge face was c w u t e d  f rom the equation 5 = - 32w-po, m e  prr was 

the  average  static  pressure in the vertical pressure  profile at that 
station. The pressure drag coefficient, based on wedge  projected  frontal 
ares, waa computed from the equation 

40 
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Flow-angularity and total-pressure surveys were nvade in vertical  
planes at eeveral  stations along the  spli t ter   plate leadlug edge and 
side for certain  configuratione a%. h c h  nunitjer ' 3.16:... These data were ' 

used in the &terIPinatFon,of t o t a l  &rag ana friction.drag  coefficients 
for those  configurations ._ . . . 

.. . ... . .  , . .. . . 
- - . . . . -  .... . .. . ._. 

" 

DISCUSSIQN OF RE-S 

For mst configurations  investigated the vertical  variation of 

. -  - . . _  . 

static  pressure at each orifice  atation m s  s&ll except  perhaps  near 
the wedge apex. M g e  gradients of.kvergere St'atlc  pressure in the 
aldal  direction were frequently encountered, howe+er. Pr.esented i n  
figure 5 are several i l lwtrat iv+,axiai   d i i t r i l jut ioqs of static-pressure 
coeff icient  obtained at bbch 1.'88.' 'The ' -. diktribktlons for a 

wedge axial  position parameter r/a. The greatkit variations observed 
in the  investigation, however,  were with wedge inc lded  angle 

given wedge luded angle varied, with wedge hekt ' p a r b t e r  h/8  and 

The pressure  drag,coefficiente  obtained from t h i s  investigation 
are presented.in figures 4 t o  7 as  functions'of wedge axial position 
parameter Z/d, wedge height parameter h/8, and free-stream Mach 
rimer k. 

. . . . - . . . . 

Figure 4 presente  the-.observed variatloy of . - ..-% wlth Z/d f o r  
. .. 

each value of h/S investigated.  Plots are presented for each Mach 
number and splitter plate conbination. In general,  the  largest value 

pressure drag was found to  increase dtlf h/6 for all uedges studied, 
only s~llall differences were noted for corresponding configurations 
employing  ewept and unswept spl i t ter  p h t e s  at mch' numbers 1.88 and 
3.83. Therefore, only swept splitter  plate  configurations were inves- 
tigated at lbch nuniber 3.16. 

of CDp for each wedge occurred when that wedge was at or near i t s  
f w w d  position;  the  blunt WeQe roved to be an 'exception. While 

Figure 5 presents  crose  plots of the data of figure 4 with 

of. w i t h  h/6 'is =sin clearly 'observed; also, % Increased 

. -  . .  . . .  % 
plotted aq a function of h/6 at selected  values of 2jd. The increase 

characteristically with the wedge included  angle. It le interesting 
t o  observe that the q U l p t k a l l y  contoured wedge, which had approximately 
the same over-all dimensions as the 62O wedge, usually incurred  larger 

than the 620 wedge at Wach nuuibers 1.88 and 3.83. The blunt, or 3, wedge generally  exhibited  the largest prei"se drag, as be 
expected.  Since the pressure .drags for the curved and blunt wedges ' 

generally w e r e  quite large ,at Mach nunibers"L.,8~ and 2.93, only the 
smaller a w l e  wedge.cozlfigurations were"in+&tigated a t  Mach rider 3.16. 

. 
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. . .  
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- The pressure drag coefficients  obtained a t  Mach rimer 3.16 f o r  the 
wedges without sp l i t t e r  p l a t e  are c w e d  with the data for the com- 
parable swept splitter  plate  coufigurations in figure 6. It was found 
that pressure drag coefficients  for the wedges alone w e r e  generally 
smaller than  those f o r  the'correeponding swept spl i t ter   p la te  configu- 
rations. Unpublished studiei a t  N o r t h  American Aviation  Corporation, 
later confirmed at the Lewls laboratory, have indicated that the perform- 
ance of side inlets uti l lzing  diverter wedges without spl i t ter   p la tes  

P 
w may prove 8atisfactory  in some eases. 
Is  Figure 7 Fe a cross plot of figure 5, presenting the variation of 

CDp with free-stream Mach nuniber for  selected conibinations of h/S 
and Z/d. Complete curves were possible only for the smaller angle 
wedges using the swept spl i t ter   p la te .  However, data points  for the 
curved and leOo wedges obtained uith the unewept sp l i t t e r   p la te  at bkch 
nunibera 1.88 and 3.83 are included. For small values of Z/d the drag 
coefficient $ decreased w i t h  increasing Mach  nuniber. For larger 

values of a/d, however, CDp was found frequently  to  increase between 

Mach nunibere 1.88 and 3. 16,. particularly at the larger values of h/8. 
Unp~l i shed  data fromthe Lexis laboratory 8- by 6-foot swersonic 
tunnel have s h m  a simtlar pressure drag coefficient trend between 
Mach umbers 1.5 and 2.0. 

- On figure 7 me also plotted values of wedge pressure drag 
coefficient for 6Z0  wedge swept splitter  plate  configurations at t / d  = 0 
&ctuaU$ -wed as side inlet boundary-layer-diverter  system at  Mach 
nunibera 1.88 and 2.93. These values, which are applicable only to  
supercritical inlet operation, were obtained from cross  plots of data 
presented in  reference 1. Although these pressure drag coefficients 
are greater than..those fo r  the equivalent  configurations i n  the present 
investigation, good agreement of the two sets of data was obtained at  
large values of h/6. Static pressures on the damstream portions of 
the wedges placed  beneath the inlets were found t o  be greater than 
those i n  the same regiona of comparable configurations i n  the present 
investigation,  especiaUy at 6- values of h/s. These discrepancies 
i n  wedge static  pressures and pressure drag coefficient are i n  part  due 
to  the effects on the diverted flow caused by (1) dlsturbancee f r o m  the 
i n l e t  spike and cowl, (2) the supercritical spillage of these inlets, 
a d  (3) a slight bevel on the  underside of the inlet coufiguration 
spl i t ter   p la te  leading edges rather than on the upper side as i n  the 
present  investigation. 

- 

IPriction drag and t o t a l  drag coefficient6 at Mach umber 3.16. - 
An effort  was made t o  determine fr ic t ion drag and t o t a l  drag coefficients 
of several swept splitter.  plate  configurations at Mach  number 3.16. For 
this purpose total-pressure and flow-angularity surveys wereperformzd 
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in several  verttcal  planes along the split- plate  leading edge and 
side, althaugh tunnel  limitatbns  restricted these surveys to  the large 
angle wedge@ i n  f o m d  p s i t i o g s .  These sux~eys, . t'bgether with s t a t i c  
pressures on the bo-mw-&T& ,$&ate -doe We"Zi%-~ea' ed$e:e of tbe 
sput te r   p la te ,  were used t o  determine' the  :sir<-ki~GGG~'c~rients of the 
entering and leaving to t a l  %men*- of the flow diverted beneath the 
spl i t te r  plate.  The  totalmrnntum decrement, representing the t o t a l  
drag of the conf'iguration, consisted of the .wedge"presaure drag and the 
friction drag of the swfaces wetted by the diverted' flaw. Thu both 
components  of the to t a l  drag coefflcient  were.'obtained and aie presented 
in figure. 8 .  I& is  estimated that these to ta l  drag coefficients are 
accurate  within kl.0 percent, ,'.~d,'~he''f5rict'~~"&ag c-Mflcients,  within 
~ 1 5  percent of the.indicated values. 

. . . . . . . . . . . 

. . . . .. . , . - 

A t  a l l  values of hfO and 3/d investigated for both wedges, the 
fr ic t ion drag coefficient was found to.be a large part of the t o t a l  drag 
coefflcient. A t  h/8 of unity the friction'  drag coefficient for the . 
28O wedge configuratIan i s  approximately 3/4 of the t o t a l  beg c o d f i -  . 

cient.. For the 62O..we&e .confi&!&ation the  friction. drag coefficient 
represente the. greater partion of t o t a l  drag coe-w3erit"$,- law values 1 
of h/8, but  unlike that of the 28O wedge' c o ~ ~ - i i € i o n ,  -@kea 'the 
smaller contrihutiop at larger  .yalues of - hfi, especially at' Large 
values of Z f d .  For both wedge types the.' friction'  iil.iig"c6efficient ln- 
creases with increasiqg .hf6 a t  small values 6 f  ' : t fd .  

- 

. - .- "- ". 

- ... " . 

A comparison of some of the..wedge divertery3ystern.drags obtrcined la 
the present  inveetigatlon'and the drag a&eociated'with bcjizndary-layer 
removal by a scoop 1s.presented in figure 9.. Compared are  the  total  
drags obtained st Mach nurdb_er ,,3. &6 fo r  the ZBo and 68' we.dge configu- 
rations at - Z/d of zero, v i th  no in le t  -j?&eiieri%, "ZiS'the drag of a 
swept leading edge ec.60p beneath.8 side inlet  operating at Mach nmiber. 
2.93 (see ref. 1). me scoop- drag is tliat due"-to 'tlie"ixnn&ntum change 
of the sc- mass.flar between the scoap entrance and an assumed sonic 
discharge  nozzle. Experimentally obtained v a l u e s . o f  8coop mass flow ' 

and total-pressure recovery  correspondtng t o  critical  inlet  operation 
were mea in  the momentm cangutattons. The. swept-scoop'drag was 
considerably less than the 62O wedge  divert&%yi%5ii dre f o r " v a l W B  '" 

of hfO less than 1.2. While the 28' wedge diverter-system drag was 
less than that f o r .  tbe 62': wedge dlverter aystem for ~ l u & s  of h/6 
less than about 1.0, it ww nw&theless  greater' ,than, the Scoop drag 
except at very low valuee n0 . -h/0. 

. .  

._ . 

... .. .. _. . - .. . ._ - _. . _, - . - 

Visual flow observations. - A consiw8tTon of the  disturbances 
ini t ia ted by the wedge diverter ... configucatio,~ i 8 - ~ c , e s 8 ~  ireasmch aB 
one requirement for an e f fec t ive   boundary- layer - re1  system is that 
it not disturb the flow into, the side inlet. -Any disturbances  resulting 
From the diverter.:wedge .shock and its int&iction  irlth the b o u n m  
layer may affect the flow into t'ae .inlet"if .%hse dnst.mb8uces extend 
ahead of the  splitter-  plate leading edge. 

. -. 
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- Some degree of boundary-layer separation  shead of the unmept 
splitter  plate  configurations  investigated at  the three sl~allest values 
of  h/S was always present at Mach  nuniber l .88, and, t o  a lesser ex- 
tent, at the smallest 'value of h/6 investigated at mch nuuiber 3.83. . 
Tple primary reason for this separation at low values of h/S, partic- 
ularly a %  Mach 1.88 , was shock detachment from the U . 3 O  spu t t e r   p l a t e  
leading edge bevel.  Separation was most pronounced,  however, when wedge 
Z/d was zero and wedge included angle was large,  for then the wedge 
detached bar wave added to the- splitter  plate  disturbance. Although the 
swept sp l i t t e r   p la te  shock was detached at mch nuniber 1.88, there wa6 
no evidence of boundary-layer separation at these low h/S values ex- 
cept  for wedge Z/d of zero. Figure 10 presents  schlieren photographs 
of typical low h/6 configurations at Mach nunher 1.88 for  both  spli t ter  
plates. These photographs are ala0 representative of the observations 
at W h  nu~~ibers 3.16 and 3.83. 

Boundary-layer separation ahead of the unswept spl i t ter   p la te  con- 
figuration6 at larger  values of h/8 was observed a t  biach nmibers 1.88 

N 
1 and 3.83 only at wedge  Z/d of zero,  except for the lHlo wedge con- 
E figuration, wbich caused separation even at moderately large values of 

wedge 2/d because of the  strong box wave. Reflecting sbock patterns 
were established beneath the unswept sp l i t t e r   p la te  a t  mch 1.88 
for large  values of h/s when there was no boundary-hwer separation, 
but this type af disturbance was not  observed a t  Mach nmiber 3.83. 
Such shock patterns w e r e  never visible beneath the swept spl i t ter   p la te  

are  presented  in fXgure ll far large h/S configurations a t  l&ch 
nuniber 1.88. 

- st any of the three Mach nutibers. Representative  schlieren photographs 

- 
It is possible that boundary-layer separation ahead of a wedge 

cotSiguration had some effect on the wedge pressure drag. However, an 
examination of figure 4, which conpares the pressure drag coefficients 
for  both unswept and swept splitter  plste  configurations at Mach num- 
bers 1.88 and 3.83, does not show any consistent,  effect of i n i t i a l  
boundary-layer separation on the wedge pressure drag. 

The disturbances  beneath  the"6plitter  plate  frequently  seen in   the  
schlieren photographs consisted of a bow  wave ahead of the wedge and in 
certain  instances a shock pattern resulting from the disturbance at the 
splitter  plate  leading edge. By pemdtting a solution of ~mchinists '  
byout blue in alcohol  to flow onto the boundary-layer p h t e  through a 
forward plate  static-pressure  orifice during the test, tracee of these 
waves, 88 w e l l  as some indication of the flow streamlines w e r e  obtained 
as the alcohol evapoirated, leaving  the  blue adhering to the plate  - surf ace. 
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This'flar visualization technique, however, has several Umltations. 
It should be pointed aut that the f l u i d  traces do not  glve the exact 
shock locations,  but rather ' r e k i n  some-t upstream of the true shock 
locatinn as. a result of pressure 'f'ikdback ELir6ugh the boundary layer at 
the shock, and that true shock form is probably valid only near the 
center line of the mdel snasnu6h. as tb, .fluid pLtterns begin t o  in- 
dicate  streamline6  r~ther-than  shock  patt&ne & '  the sh&k weakens. 
Furtherme, iu the  case of multiple shoci&,%S3?hd& '*ten' indicated 
only the upstream shock. --Thia-_gccurred moat .frequently f o r  configu- 
rations  uti l izing  the unswept sp l i t t e r "  piatej '*he p r e Y i i i i 2 e  rise acrose ' 
the disturbance from the spl i t te r  plate '  lead€ng edge WBB somtimes 
sufficient tb prevent  the fluid .from ptiising through t o  e v e  indications 
of further disturbances. However, ' when .alcokol  alone xas passed through 
the pressure  orifice, it frequently would pe'wtrkte the. spl i t ter   p la te  
disturbance end locate. ,+e wedge bar dve;' cobf'igWktion8 using '. 

the  swept s p l i t t e r  plate;-  ofteh  only'the-wedge dieitur%ance was located 
since the disturbance  fromthe  splitter  plate was weak.  

.. . . 

Figure 12 presents  typical  variations &.the .shock patterns 
determined from the. .visua$., floy ,technique a t  Mach ,nuuber 3.83. Sketches 
were made at the time of running and reee%%E'G-neasly ae poselble - 
the observed patterns. . F.Lgure-G,12(a),- ,.,-a~d (c)  preeent var ia t ions 
of the shock disturbance field with wedge posi-Hon; i5dge  included 
angle, and sput te r   .p la te  sweep, respectively. Very l i t t l e   va r i a t ion  
of these  patterns wqs noted yl th  .h/S, although there ' W a s  coneiderable 
variation  with l/d. As the wedge was nwed aft, the wedge bar wave ' 

tended t o  separate f'rorn the   sp l i t t e r   p la te   d ie t~bance  and t o  --e aft 
with  the wedge. This tendency is, of course, beneficial t o  stde  inlet 
operation.  Increasing  the wedge included angle' (fig. 12 (b) ) was found 
t o  push the wedge bar wave upstream. . .  

Actual photographs of some shock.disturbme.traces at Mach 3.16 
are  presented ia Hgure 13. It is noted that a t  of o so= 
shock disturbance I& always abead df the s p l i t t e r  plate. This dis-  
turbance, however, was considerably redued as the wedge included 
angle was reduced. Also, the disturbance.could be mde t o  m e  beneath 
the  spli t ter   plate by increasing t / d .  Good side i n l e t  performance 
should therefofe.be,possible using slllsll angle wedge diverters or 
larger angle weage a v e r t e r e   a t  VZLBES of I/d great enough t o  prevent 
the diverter..dieturban.ce.from enterhg . the . - . . . . inlet .  

. - .. _ _  

Graphs are  presented from which the preseure drag coefficients of 
a large uuniber of 'wedge- ,aivert--type bouUdary-layer-r&mval systems 
for use with side inlets may be eatimted. '  LittIe dLfferewe waa found 
i n  the pressure drag coef'ficiente of m e t  . equivaient . . .  unswept and swept . .. . 
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- sputter plate  configurations.  Since the boundary-layer-divert- 
systems  investigated  were  simplified  to  the extent that  interference 
effects  due to the  inlet  external  shock  structure and mass-flow spflage 
were eliminated, these data are m s t  applicable to supercritical  inlet 
operation at the larger values of wedge  height paramber. 

Visual studies  of the shock  dlstlabances  of  each  configuration 
seem to indicate  that  good side inlet  performance  with  wedge  diverter- 
type boundary-layer-remml systems can be obtained if the-wedge axial 
position  parameter is large  enough to prevent  those  disturbances from 
entering  the inlet. 

This investigation  indicates  that the friction drag of a wedge 
diverter  system m a ~ r  constitute a laajor portion of the total drag of the 
system.  It I s  therefore  evident  that additional research ie needed 
before  a final evaluation  of  wedge  dlverter-type boundary-layer removal 
can be made. 

Lewis Plight Propulsion Laboratory 
National Advisory Colmnittee for Aeronautics 

Cleveland, Ohio, Deceniber 22, 1953. 
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Figure 12. - Shock disturbance fl.elda produced with. 
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ber, 3.83. 
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